Objective: Examine how meal patterns are associated with nutrient intakes, lifestyle and socioeconomic factors, and energy misreporting. Design: A cross-sectional study within the Malmö Diet and Cancer (MDC) cohort. Participants reported on the overall types and frequency of meals consumed, and completed a modified dietary history, a lifestyle and socioeconomic questionnaire, and anthropometric measurements. Based on the reported intake of six different meal types, meal pattern groups were distinguished using Ward's cluster analysis. Associations between meal patterns and nutrient intakes, anthropometric, lifestyle and socioeconomic variables were examined using the x 2 -method and analysis of variance. Subjects: A sub-sample of the MDC study cohort (n028,098), consisting of 1,355 men and 1,654 women. Results: Cluster analysis identified five groups of subjects with different meal patterns in both men and women. These meal pattern groups differed regarding nutrient intakes, lifestyle and socioeconomic factors. Subjects reporting frequent coffee meals were more likely to report an 'unhealthy' lifestyle, e.g. smoking, high alcohol consumption and low physical activity, while those with a fruit pattern reported a more 'healthy' lifestyle. Women were more likely to underreport their energy intake than men, and the degree of underreporting varied between the meal pattern groups. Conclusions: The meal pattern groups showed significant differences in dietary quality and socioeconomic and lifestyle variables. This supports previous research suggesting that diet is part of a multifaceted phenomenon. Incorporation of aspects on how foods are combined and eaten into public health advices might improve their efficiency.
H ealth-related behaviours such as dietary habits, physical activity, and tobacco and alcohol use, are major factors influencing risks of morbidity and mortality in developed countries (1Á6). The traditional approach in nutrition epidemiology has focused on the relationship between disease and specific food items or nutrients (7Á9). Because the human diet does not consist of single food items or nutrients, patterns of food intake may provide important information, clarifying the association between diet and disease (7, 8, 10Á12) .
Meal and snack patterns are thought to affect the development of several chronic diseases (13Á17), but there is no consensus on how meal patterns influence nutritional status and health. Studies investigating dietary patterns have used a wide array of approaches; including selfreported meal and snack intake (18Á22), and statistical (page number not for citation purpose) methods including factor and cluster analysis (7Á9). However, most attention has been given to the eating frequency and temporal distribution of meals (23Á25). There is little data on the meal and snack patterns of Swedish populations (26) . Eating patterns are related to several socio-demographic, cultural and behavioural characteristics (27Á 29), but data on the relationship to macronutrient or micronutrient intakes is scarce. Accurate descriptions of meals and snacks will assist in designing appropriate intervention studies and aid in understanding both the metabolic effects of different meal and snack patterns and their associations to health-related behaviours.
Energy intake (EI) plausibility can be estimated by comparing self-reported EI with estimated total energy expenditure (30) . Several psychosocial and behavioural characteristics are related to energy misreporting, including incomplete recordkeeping by subjects, eating restraint, overeating and social desirability (31) . Previous studies from the Malmö Diet and Cancer (MDC) cohort investigating dietÁdisease relationships have shown that energy misreporting and reporting of past food habit change are important in sensitivity analysis (30, 32, 33) .
The purpose of this study was to investigate how nutrient intakes and anthropometric, socioeconomic and lifestyle variables varied between groups of individuals with different meal patterns defined by cluster analysis in a sub-sample of the MDC cohort. In addition, we evaluated energy misreporting and past food habit change in relation to reported meal patterns.
Subjects and methods

Study design and population
The MDC study is a population-based prospective cohort study set in Malmö, the third largest city in Sweden with about 250,000 inhabitants. In 1991, the MDC source population was defined as all persons living in the city of Malmö and born between 1926 and 1945. In May 1995, the cohort was extended to include all women born between 1923 and 1950 and all men born between 1923 and 1945. With this extension, 74,138 persons constituted the source population. Inadequate Swedish language skills and mental incapacity were the only exclusion criteria. The MDC study was approved by the Ethical Committee at the Medical Faculty, Lund University (LU 51-90). Details of the recruitment procedures and the cohort are described elsewhere (34, 35) . Briefly, the participants were invited by personal letters or came spontaneously after invitation by advertisements in local newspapers, public places, or primary health care centres. The participants visited the MDC screening centre twice. During the first visit, participants were instructed about the dietary data collection, and how to fill out the extensive questionnaire covering socioeconomic and lifestyle factors.
Anthropometric measurements and blood collection were conducted on site by nurses. All questionnaires were completed at home. During the second visit the socioeconomic questionnaire was checked and a dietary interview was conducted by trained interviewers. In October 1996, when recruitment was closed, 28,098 participants had completed all baseline examinations. Individuals (n03,037) that joined the MDC study from January 1993 until March 1994 were in addition (separately from the other diet history information) requested to give a more detailed overview of the types and number of meals consumed during an ordinary day. The present study is a descriptive, cross-sectional study of this sub-sample of the MDC cohort. After exclusion of 28 subjects on the basis of missing information on total physical activity level (PAL), this study included 3,009 subjects (1,355 men and 1,654 women) aged between 47 and 68 y.
Dietary assessment
The MDC study used an interview-based modified diet history method that combined three methods: (1) a sevenday menu-book collected descriptions of cooked meals, nutrient supplements and cold beverages (including alcoholic beverages); (2) a 168-item dietary questionnaire covering regularly eaten foods other than cooked meals during the past year; and (3) a 45-min interview. The consistency of the information provided was carefully checked so that the questionnaire and menu-book did not overlap. Energy and nutrient intakes were computed from the reported food intake using the MDC Food and Nutrient Database, originating from the Food and Nutrient Database PC Kost2-93 from the National Food Administration in Uppsala, Sweden (36) . Data on the validity (37, 38) and reproducibility (39) of the method have been published.
Dietary variables
Meal types
The sub-sample of participants examined in this study provided an overview of the types of meals and snacks they usually consumed during an ordinary day, and how many times per week these meals usually were eaten. If weekends differed significantly from weekdays, the participants were requested to describe two different days (see Appendix A for further detail on registration of meals). Trained nutritionists classified the information provided by the subjects based on dietary and nutrient quality using a structured format. The meals were classified into six categories: (1) cooked/lightly cooked meals (including salads and hot sandwiches); (2) cereal meals (e.g. porridge, sandwiches and muesli); (3) cakes and biscuit meals; (4) fruits, juice or vegetables; (5) coffee or tea (only); and (6) miscellaneous snacks (e.g. sweets, energy-providing drinks). Meals could be either inclusive or non-inclusive of drinks. Meals consisting of more than one of the six categories were prioritised in numerical order (1Á6), and coded as a single meal type (e.g. if a cooked meal, Type 1, also included a sandwich, Type 2, or a fruit, Type 4, it was coded as a cooked meal, Type 1, only). Intake of water was not registered.
Nutrient intakes
The nutrient variables examined in this study were: total daily EI as kJ/day coming from all major dietary energy sources (fat, carbohydrates, protein and alcohol), fibre (g/MJ) and percentage of non-alcohol energy (E%) from fat, carbohydrates and protein. For further evaluation of the diet quality, the following micronutrient intakes (per MJ) were examined: iron, calcium, magnesium, zinc, b-carotene equivalents, ascorbic acid, folic acid and vitamin E.
Socioeconomic and lifestyle variables
Information on socioeconomic and lifestyle factors was collected from the lifestyle multiple-choice questionnaire. The participants were divided into four categories to describe their educational level according to the number of years of education completed (i.e. 58, 9Á10, 11Á13, or!13 y). Cohabiting status was dichotomised as living in a single or a cohabiting household. Socioeconomic status was classified according to the Swedish population census as 'blue-collar workers', 'white-collar workers' and 'employers/self-employed' (in this study including high positioned white-collar workers) (40) . Physical activity at work was self-rated as very light, light, medium, heavy, or very heavy (ranging from sedentary to extremely strenuous work). Three categories were formed to ensure adequate number of individuals in each category: 'very light', 'light/medium' and 'heavy/very heavy'. An overall physical activity score was categorised into quartiles of leisure-time physical activity based on questions adapted from the Minnesota Leisure Time Physical Activity Questionnaire (41, 42) . The smoking habits of the participants were defined as current smokers (including irregular smokers), former smokers or never-smokers. Alcohol consumption was classified as zero, low, medium or high. The zero alcohol consumers were distinguished by reporting no alcohol intake in the seven-day menubook and reporting not to have consumed any alcohol during the last year. Low, medium and high alcohol consumption level was set at alcohol intakes ofB15, 15Á30, !30 g/day for women, andB20, 20Á40, !40 g/ day for men.
Evaluation of energy misreporting and past food habit change Mattisson et al. (30) have previously defined low, adequate and high-energy reporters in the MDC cohort using the procedures described by Goldberg et al. (43) and later refined by Black (44) . Energy misreporting was defined as having a ratio of EI to basal metabolic rate (BMR) outside the 95% confidence limits of the calculated PAL. The PAL level of each individual was carefully calculated using all available information in the MDC cohort. The estimation used information from the questionnaire concerning hours and intensity of leisure-time physical activity, hours of household work and hours and intensity of occupational activities. Hours of sleeping, time for self-care and 'passive' time were estimated (30) . Individuals with EI:BMR below the lower 95% confidence limit were classified as under-reporters of EI. Individuals with EI:BMR within the confidence limits were classified as adequate-energy reporters and individuals with EI:BMR above the upper 95% confidence limit were classified as over-reporters of EI.
Past food habit change was based on the questionnaire item 'Have you substantially changed your dietary habits because of illness or another reason?' which was dichotomised into a 'Yes' and 'No' variable. 
Anthropometric variables
Statistical analysis
Ward's cluster analysis was used to group the subjects based on their report of usual consumption of six different meal types. The hierarchical tree structure of the Ward's methodology provided information on the order clusters emerged. Cluster solutions of two to eight clusters were evaluated for men and women separately. Five meaningful, stable and well-separated clusters were identified in both genders. The distribution of energy and relative nutrient intakes in the population across meal pattern clusters were expressed as mean9standard deviation (SD) and analysis of variance (ANOVA) examined mean differences in relative nutrient and EIs. Nutrient variables not normally distributed were log transformed before analysis. The associations between meal pattern clusters and gender, socioeconomic and lifestyle variables were assessed using the x 2 -test. Significance level was set at pB0.05. The SPSS statistical computer package (version 14; SPSS Inc, Chicago, IL) was used for all statistical analyses.
Five meal patterns differently associated with nutrient intakes
Results
Study population
The mean age of the population was 57 y (range 47Á68). There was no significant age difference between men and women. In general, large percentages of the population (44%) had low educational level (58 y), sedentary work (47%), low alcohol consumption (79%) and were nonsmoking (69%). The educational level and socioeconomic status of men was higher compared to women (p B0.001).
A significantly higher proportion of women (43%) were never-smokers compared to men (28%), however the proportion of current smokers was the same (31%).
Men were more likely to have medium or high alcohol consumption (31%) than women (14%). There was no difference between men and women in regards to leisuretime physical activity, however men had a significantly higher degree of occupational physical activity (pB0.001) while women spent more hours per week doing household work (pB0.001). Based on BMI, about 50% of the women were in the normal weight range; 36% overweight and 13% obese. Among men, 37% were in the normal weight range; 48% overweight and 14% obese.
Energy misreporting and past food habit change Energy underreporting was significantly more common among women (16%) than men (10%); however 80Á85% of the study population reported EI on an adequate level. Approximately 25% of the study population claimed to have changed their food habits in the past, due to illness or other reason. There was no significant difference between men and women.
Meal patterns
From the information on six meal types, cluster analysis identified five groups of individuals with different meal patterns separately in men and women. The groups differed not only in terms of reported meal frequencies, but also with respect to nutrient intakes and social and lifestyle characteristics. Fig. 1 illustrates the order in which the different meal patterns emerged in the male and female population. The meal pattern groups were named according to the most frequent meal type (see Table 1a and b).
Meal patterns in men
The characteristics of men in the five meal pattern groups, i.e. lifestyle factors and relative nutrient intakes, are described in Tables 2a and 3a . The cereal pattern was associated with a low educational level and alcohol consumption, and a high level of physical activity at work. The mean daily EI for men with the cereal meal pattern was high compared to the other meal patterns. The relative intake of calcium was high, while the relative intake of vitamin C was low. The cake pattern was associated with high age and socioeconomic status, cohabiting, former smoking and zero/low alcohol consumption. Mean E% from protein was lower among these individuals compared to those of other meal patterns and the relative proportion of minerals was low. The fruit pattern was associated with low socioeconomic status, living in a single household, non-smoking, low alcohol consumption and medium PAL at work. Men with the fruit meal pattern had a significantly lower daily EI and E% from fat, and higher relative micronutrient intakes and higher E% from carbohydrates (including relative fibre intake). The coffee pattern was associated with low age, high educational level and socioeconomic status, smoking, high alcohol consumption and low physical activity at work. Men in the coffee pattern group also had higher E% from fat and protein. The snack pattern was associated with living in single households and medium alcohol consumption. Relative intakes of macro-and micronutrients were similar to the other meal patterns.
Meal patterns in women
The characteristics of women in the five meal pattern groups, i.e. lifestyle factors and relative nutrient intakes, are described in Tables 2b and 3b . The cereal pattern was associated with low educational level and socioeconomic status, living in a single household, smoking, zero/low alcohol consumption and low physical activity. Women with the cereal meal pattern had high E% from fat and high relative intakes of minerals, but low relative intakes of the examined vitamins. The cake pattern was associated with high age, low educational level, living in a cohabiting household, low alcohol consumption, medium physical activity and high daily EI with a large percentage of energy coming from fat and carbohydrates. The relative micronutrient intake was low. The fruit pattern was associated with non-smoking and high physical activity, low E% from fat, high E% from carbohydrates and high relative intakes of fibre and micronutrients. The coffee pattern was associated with low age, high educational level and socioeconomic status, living in cohabiting households, smoking, and medium/high alcohol consumption, low daily EI and high E% from protein. The snack pattern was associated with higher age, low socioeconomic status and low physical activity. Relative intakes of macro-and micronutrients were similar to the other meal patterns.
Energy misreporting and past food habit change Underreporting among men was highest in the fruit pattern group (16.7%) and among women in the coffee pattern group (26.2%). Underreporting was lowest in the cake pattern groups for both men (6.5%) and women (9.7%). Over-reporting of energy was most common for men with the cereal pattern (6.1%) and women with the cereal and snack patterns (4.0%). Reporting a change in food habits in the past was most common for men with the fruit pattern (33.3%) and women with the cereal pattern (31.5%). Men and women in the coffee pattern groups were the least likely to have changed their food habits in the past (18.3% and 18.8%, respectively).
Discussion
This study shows that specific meal patterns are associated with differences in reported energy and selected nutrient intakes in this sample from a Swedish population. The socioeconomic, lifestyle and anthropometric profile of men and women in our study population differed significantly, which strongly supports that examination of dietary habits should be carried out separately for men and women. Further, results also showed that men and women with apparently similar meal patterns sometimes differed in regards to nutrient intakes as well as behavioural and social profiles. This suggests that men and women may choose different foods and/or food combinations even when they report similar intake of different meal types. Energy misreporting and past food habit change was associated with reported meal types.
In population-based research, it is important to recognise that subjects who agree to participate in a study are likely to be different from those who choose not to. The differences between participants and non-participants in the MDC study has been described elsewhere (34) , and it was concluded that the proportion of participants reporting good health is higher in the MDC study than in non-participants, but the socio-demographic structure was similar.
An interesting result is the order in which the meal patterns emerge among men and women (see Fig. 1 ). The clusters that emerge first may be considered more stable. For men the most distinct behaviour was the coffee pattern, while among women it was the fruit pattern. The snack pattern emerged last among both men and women, with less distinct characteristics, suggesting that this aggregate represent a less stable pattern (i.e. a mix of several meal patterns). A limitation with cluster analysis is that there is no standard for determining the number of clusters. However, the five-cluster solution that was used consisted of at least four stable, meaningful clusters that were well separated in both genders. Another problem is that the within cluster range is often wide and may 
Cake pattern n=371
Fruit pattern n=78 n=606
Cereal pattern n=261
Snack pattern n=345 n=1,172
Coffee pattern n=229 n=924
Cereal pattern n=248
Cake pattern n=647
Snack pattern n=277 Fig. 1 . The order in which the meal type patterns emerge from the male and the female population, respectively.
Five meal patterns differently associated with nutrient intakes 5 46, 47) . The interaction among physiological, psychological and socio-cultural forces are associated with most health-related behaviours and all affect food choices and may in themselves also play an important role in the aetiologies of chronic diseases (10, 48) . The relation of a specific meal pattern to characteristics that are often associated with 'healthy' or 'un-healthy' lifestyles is best illustrated in this study by the coffee pattern which was closely related to a sedentary behaviour, high alcohol consumption and smoking, which are established risk factors for disease (47Á49). On the other hand, the fruit pattern was associated with non-smoking, low alcohol consumption and higher level of physical activity (see Table 2a and b). However, it is important to note that the associations seen between e.g. the fruit pattern and lifestyle factors cannot be attributed to fruit per se.
An important finding of this study is that meal patterns are clearly linked to differences in dietary quality (Table 3a and 3b). Individuals with the coffee pattern consumed diets with high E% from fat and protein, and the relative intake of micronutrients was high compared to the other patterns; suggesting an overall diet with meat and cooked foods but maybe less plant foods. Individuals of the fruit pattern consumed diets with low E% from fat and high relative intakes of fibre and micronutrients, especially vitamins, suggesting an overall diet high in plant foods. However, this group had a large proportion of under-reporters and overweight individuals. It is possible that some individuals in this group unconsciously change their diet during the registration period and/or they over-report 'healthy' foods, because of social desirability. The cake pattern was associated with low relative micronutrient intakes and high E% from fat and carbohydrates. The cereal pattern was associated with high relative intakes of minerals but low relative intakes of vitamins; this could be due to replacing cooked foods, vegetables and fruits with cereal and sandwich meals. Nutrient intake characteristics of individuals of the snack pattern group were less distinct compared to the other meal patterns.
A common source of bias for studies on diet is energy misreporting. EI is commonly underestimated and 'social desirability' may further influence both what subjects actually eat and what they report eating. Obese individuals tend to underreport their dietary intake (50Á53), but whether this is a consequence of selective underreporting of certain foods or general underreporting of all foods is not known (54) . Consistent with previous studies (50, 54) , women in this study were more likely to underreport their EI than men. Also, the degree of underreporting was different for specific meal patterns. A large proportion of men with the fruit pattern were classified as under-reporters, and for women underreporting was more common in the coffee pattern group. It is possible that some women report having only coffee, and neglect to report an accompanying snack or cake, leading to misclassification of this meal type. For both men and women, the cake pattern had the lowest proportion of under-reporters; suggesting that individuals reporting a high frequency of cake and biscuit meals do not mind report eating 'unhealthy' foods. Also, a comparatively large proportion (Â25%) of the study population claimed to have changed their dietary habits in the past, suggesting less stable food habits. Men with the fruit pattern and women with the cereal pattern reported past food habit change to a larger extent than men and women with the other meal patterns. Men and women in the coffee pattern groups were the least likely to have changed their food habits in the past. The importance of accounting for energy misreporting and past food habit change in studies investigating dietÁdisease associations has previously been shown (30, 33) .
The definition of an eating occasion varies in the literature depending on the purpose of the investigation. While some studies have separated eating occasions into 'meals' and 'snacks' based on energy content and time constraint (21, 55) , other studies have allowed subjects to classify their meals into categories themselves (20, 22) . Some studies have also looked at a 'nibbling' versus a 'gorging' eating behaviour, and inconsistencies in the determination of these two behaviours have led to conflicting results regarding the health effects of the two behaviours (56Á59). A productive scientific dialogue regarding meal patterns in relation to health outcomes requires a common meal pattern typology. In this study, meal types were classified by trained nutritionists using the same structured classification scheme to minimise inconsistencies. Also, the description provided by participants of meals consumed during a typical day included no information on energy or nutrient content. This may have reduced energy underreporting associated with meal types, but still some misclassification may be present due to misreporting by the subjects.
This study suggests that the type of meal (i.e. how foods are combined and eaten) may determine the overall nutrient intake. This may appear self-evident, but further studies are required on food combinations and the context of eating, and disease. In fact, it is plausible that public health advice and strategies to change nutrient intakes may need to focus on meal types to a much larger extent in order to be understandable and easily adaptable by the public. Analysis of meal patterns should however consider the complexity of dietary habits, including the importance Five meal patterns differently associated with nutrient intakes of temporal distribution of meal, and when and how meals are consumed.
In conclusion, groups with specific meal patterns show differences in nutrient intakes, lifestyle and socioeconomic factors, suggesting that exploration of the association between health-related behaviours and patterns of eating may be important in public health nutrition. Nutrition epidemiology is often hindered by misreporting of subjects as well as the change in food habits over time. These and several other sources of bias must always be taken into consideration when examining and interpreting dietary patterns. Our findings indicate the importance of evaluating how lifestyle and life circumstances interact with diet. However, in order to compare eating styles and meal patterns across studies, there is a need for uniform methods for identifying and assessing meal patterns within and between populations.
Appendix A Example of how the meal intake during a typical week was self-reported by the participants in the Malmö Diet and Cancer study, including instructions to participants.
Meal Intake Describe in broad terms the meals including snacks that you usually eat/drink during one day. Note the name of the meal, the time of the meal, what it consist of, and how many times per week you usually eat this meal. If Saturday and Sunday are significantly different from weekdays, you can report two meal intakes. See example. 
MondayÁFriday
